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The form of apparatus  1 shown in Fig.  1 has been found very con- 
venient for the determination of the migration of fine suspensions in 
the electric field.  Its essential difference from the usual cataphoresis 
apparatus is  that the whole is inverted so that the central portion, 
which contains the suspension which is  to be studied,  is  above the 
heavier  electrode solutions  and  may be  left  open.  This  increases 
both  the  convenience and  accuracy of  method  since  (1)  a  greater 
latitude in  concentration of solution is  allowed,  (2)  the boundaries 
may be adjusted more exactly, and  (3)  the solution may be renewed 
without  disturbing  the  electrode solution.  The  zinc  electrodes are 
put in place with rubber stoppers,  the tube is damped in a  vertical 
position, and the apparatus is filled with saturated zinc sulfate.  The 
three-way stop-cocks are then dosed and the zinc sulfate in the upper 
part of the cell is washed out through the "tail holes."  The tubes 
above the stop-cocks are now filled with 0.1  x~ sucrose solution con- 
taining the same concentration of electrolyte or other substance as 
is to be used with the suspension.  The sugar solution is then allowed 
to run out until the level reaches the small tube connecting the funnel 
and  the  U-tube.  The  suspension is  then  added  and  the level ad- 
justed carefully by means of the stop-cocks so that the line of demarca- 
tion is opposite one of the graduations on the side arms.  The upper 
stop-cock is then dosed and the lower ones are opened so as to connect 
the  zinc  sulfate  with  the  sugar  solutions.  The  current is  applied 
and the distance traversed by the boundary determined after a  con- 
venient interval. 
~For a discussion of this and similar methods see Burton, E.  F.,  The phys- 
ical properties of colloidal solutions, London, New York, Bombay, Calcutta, and 
Madras, 2nd edition, 1921. 
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Since the cell is of uniform diameter the drop in potential is deter- 
mined  simply by dividing the total voltage by the distance between 
the three-way stop-cocks.  (In solutions of less than  0.1  N the drop 
in potential in the saturated zinc sulfate may be considered as negli- 
gible; if more concentrated solutions are used it is necessary to apply 
a small correction for the resistance of the zinc sulfate.) 
Influence  of the  Voltage.--It  was found  that  the  rate  of migration 
was  directly proportional  to  the voltage between the  limits  of  1  to 
4  volts per cm., provided the experiment was not allowed to run too 
long.  At  low  voltages,  the  rate  of  migration  remained  constant 
until  the boundary approached  the zinc sulfate,  but if the potential 
drop  was increased  beyond  2  volts  per  cm.,  it  was  found  that  the 
boundary moved at the proper rate for the first 4 to 5 ram., but then 
became much too slow on one or both sides.  There was also a  tend- 
ency for the boundary to become convex on  one side,  showing that 
the migration of the water was interfering with the measurement.  If 
the solution is of high conductivity, the voltage must be still further 
decreased  to  prevent  heating  effects  and  subsequent  convection 
currents. 
Influence of the Sugar Concentration.--The presence of sugar greatly 
facilitates the adjustment and maintenance  of a sharp boundary line. 
No effect on the velocity of migration  could be observed up to 0.5 M. 
Higher concentrations than  this decrease the velocity presumably on 
account of the viscosity. 
Calculation  of the  Potential from  the  Velocity  of Migration.--The 
value for the  potential  difference between the particle  and  the  sur- 
rounding  solution  is  calculated  by  means  of  the  Helmholtz-Lamb 
equation  I 
4nvTr 
P.D.=  KX 
in which 
n  = viscosity of the solution. 
v  = velocity of particle in cm. per second. 
K  =  dielectric constant  of the solution. 
X = potential  gradient;  i.e., the drop in potential  in E.Sm. per cm. 
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Substituting  for  the  viscosity  (0.009)  and  dielectric  constant  of 
"q.ter at  20  °  (80),  and converting to volts it is  found that P.D. in 
m~  'olts  --  12.6  ×  #  per  sec.×  volts per cm.  =  4.5  ×  ram. per 
hour  ×  volts per cm. 
In the experiments to be described no correction was made for a 
change in the dielectric constant nor viscosity. 
The distance is taken as the average of the observed movement in 
the two arms.  This corrects for any gravity effect.  As a rule, how- 
ever,  the  two  readings  are  nearly  identical  and  any marked dis- 
crepancy is apt to be the result of a  leak in the apparatus or some 
other accidental error. 
The  apparatus  has  been  found  to  work  very  satisfactorily for 
gelat2 b edestin, the bacillus of rabbit septicemia, and other fine sus- 
pensions.  With suspensions containing larger particles such as casein, 
typhoid bacilli, etc., the line of demarcation becomes blurred and the 
results  are  not  satisfactory.  For  any  particles  that  can  be  seen 
without an oil immersion lens the microscopic method is better. 
Accuracy of the Measurements.--The  measurements can usually be 
repeated  as  closely as  can  be  read;  i.e.,  4-  0.1  ram.  The  error  is 
greater in very dilute and very concentrated salt solutions. 